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PREVENTION AND DELAY OF DEPOSIT FORMATION IN MEMBRANE PROCESSES 

The invention pertains to the use of polyaspartic acids and mixtures f 
polyaspartic acids with surfactants and emulsifiers to prevent or delay the 
formation of deposits of sparingly soluble organic and inorganic components in 
the feed of membrane processes. 

Membrane technology plays a significant role in the separation of fluid- 
ized systems. Established processes of the technology today include the 
production of drinking water from seawater by means of reverse osmosis and 
product reprocessing by means of ultrafiltration and nanof iltration. 

What usually happens in membrane processes is that the concentration of 
dilute solutions is increased and organic solvents, water, or salt solutions 
are separated. As part of these processes, either valuable substances or 
harmful substances are obtained as concentrated solutions, which may possibly 
be low in salt. As a result, subsequent storage, transport, disposal, and 
further treatment can be conducted more cheaply. In cases of wastewater re- 
processing, the goal of the membrane treatment is to obtain most of the volume 
as permeate in an untainted or only slightly tainted form so that it can be 
reused, for example. The concentrated retentate can be treated more easily to 
recover any valuable substances which it may still contain, or it can be dis- 
posed of more cheaply in this concentrated form by incineration, for example. 

The area of membrane technology includes some very different processes, 
thus there are correspondingly different membranes and technical designs, 
e.g., membrane modules. Standard commercial membranes can consist of organic 
.aterials such as polysulf one, cellulose acetate, polyamide, or PVDF, or they 
can be made out of inorganic materials such as Ti0 2 , ZrO, , or Al 2 0 3 . Such 
m embranes are used in the form of fine hollow fibers, tubes, or flat sheets. 



The majority of membrane separation processes relevant to industry 
involve cross-flow filtration. High wall shear stresses, brought about by 
high flow rates and special module designs, are intended to minimize or pr - 
vent the contamination of the membrane. Nevertheless, fouling, i.e.. the 
accumulation of material on the membrane, causes the output of permeate to 
decline in industrial membrane processes during which the concentration of the 
feed stream is being increased. 

Scaling, i.e.. encrustations of inorganic salts on the membrane when 
their solubility limit is exceeded, is a special case of fouling. The inor- 
ganic salts involved here are primarily the calcium and magnesium carbonates, 
hydroxides, phosphates, sulfates, and fluorides responsible for the hardness 
of water. During the reprocessing of wastewater, heavy metal hydroxides such 
as iron and chromium hydroxides represent an additional problem. Scaling is 
always to be expected when the goal of the process is to achieve high permeate 
outputs such as in the concentration of wastewater and in the production of 
pure water and drinking water. But it is also possible, of course, for this 
phenomenon to occur during desalination and the concentration of product solu- 
tions. The membrane processes considered here are ultrafiltration, nanofil- 
tration. reverse osmosis, dialysis, and pervaporation. 

Fouling, and scaling as a special case of fouling, ultimately cause the 
permeate output of a membrane system to fall to an uneconomical ly low level. 
From time to time, therefore, the feed stream must be shut off so that the 
membrane can be cleaned. This cleaning procedure, however, entails several 
disadvantages. Cleaning means that operations must be interrupted. Continu- 
ous operation can therefore be maintained only by shunting through another 
membrane system. Depending on the type of deposits, furthermore, it may be 
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X„ ^.lin.tfon. vol. 5., PP- 263-276. 1983. cited in Ctm. ^tr.c«. 
Vol 10. »o. 56402. polypho.ph.t.s. pho.phon.tes. polystyrene sulfonet... 
poly.cryl.-id.., .nd poly.cryl.t.s .re hein 8 studied with respect to their 
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o.iciu. eulf.t. fro. ory.t.Uizin. .nd for»in 8 deposits in fed street con- 
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and phosphonobutane -1,2,4- tr icarDoxy 
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0 705 79. describe, e .ethod for preventing eh. crystallization o£ sulfate, in 
aqueous system. Here. on. or more polya.lno acid, .nd one or .or. inorganic 
phosphates ere used. To pr.v.nt the outf.il water fro. undergoing eutrophica- 
tion, however, these inhibitors »ust be disposed of. which is .-pensive. OS 
5 286,810 describes the production of high-.olecular.veight polyaspartic acid 
.openers, which also can b. used as scale inhibitors in various industrial 
and hygienic areas. Reverse osmosis ...br.nes are also ..ntlon.d, although no 
concrete details are offered. OS 5.525,257 describes .istures of polyaspartic 
..ids and tb.ir derivatives with other polyc.rboxylic acids and their appli- 
cation in water tre.tn.ents. PolycarboxyUc acids such as poly.crylates , poly 
.aleaces. .nd polysulfonates are mentioned. Here. too. reverse osmosis Is 
.entioned but no details given. According to OS 5.466.760. copoly.ers of 
polysucclnl.lde fro. msleic acid, ammonia, and a polymine are used to inhibit 
salt deposits. EP-g 530.358 (- OS 5.373,086) describes a special polyaspartic 
.cid exposition, which is obtained by heating L-asp.rcic acid in the for. 
o£ a powder to at least 188'C, condensing it by further heating to at least 
216-C until at least 80, of the polysuccinimlde for.atlon Is completed, and 
then hydrdyzing the polysuccinimlde, over 50, of which is in the P -for» and 
„hich has a weight-average .olecular weight of 1.000-5.000. This composition 
is used as an additive to Inhibit the precipitation of CaCO, or Ca.CPO.),. 
This special polyaspartic acid is said to be applicable over a wide industri.l 
range fro. the treatment of water for industrial use to lubrication. Reverse 
os.osis is ..ntioned incidentally without any particular indications being 
given . 

I„ summary it can therefore be said that, according to the present state 
of the art of membrane processes, phosphonates and polyacrylates have been 



used as scale inhibitors. Polyaspartic acids are also listed in numerous pub- 
Ucations as useful scale inhibitors. So far. however, no results have been 
forthcoming which document the applicability of polyaspartic acids in membrane 
processes. The expert knows that effective scale inhibition always depends on 
the overall system, i.e., on all of the participating components and condi- 
tions, in membrane processes in particular, however, there are many chemical 
and physical interference factors in play, meaning that a scale inhibitor that 
giveS good results in some other area will not necessarily be all that effec- 
tive specifically in membrane processes. 

The surprising discovery has now been made that the formation of scale by 
sparingly soluble organic and inorganic components on membranes can be pre- 
vented and delayed in various types of membrane processes by the use of poly- 
aspartic acids and mixtures of polyaspartic acids with surfactants and emulsi- 
fiers. The use of biodegradable polyaspartic acids is advantageous, because 
they can replace the phosphonates and polyacrylates . which are not biodegrad- 
able or only very slightly biodegradable, because they increase the availabil- 
ity of the membrane system, and because they reduce the number of cleaning 
steps. 

The invention therefore pertains to a method for conducting membrane pro- 
cesses for the treatment of aqueous feeds containing inorganic and organic 
constituents during which the formation of scale on the membranes is prevented 
or delayed by the addition of a scale inhibitor, which is characterized in 
that polyaspartic acids and mixtures of polyaspartic acids with surfactants or 

i „f \sic- with one or more surfactants or emulsifi- 

emulsifiers or several of them I sic, wicn one 

erS ? - Tr. Ed.] are used as scale inhibitors, where the polyaspartic acids 
are used -in amounts of 1-50,000 PP m based on the amount of aqueous feed. 



In a further elaboration, the invention pertains to the use of polyaspar- 
tic acids and mixtures of polyaspartic acids with surfactants and emulsifiers 
in the presence of polyacrylates or phosphonates such as phosphonobutane tri- 
carboxylic acid or several such acids, because the use of polyaspartic acids 
improves the biodegradability of these mixtures. 

The polyaspartic acids to be used in accordance with the invention can be 
produced in various ways. For example, they can be produced from maleic anhy- 
dride, water, and ammonia and/or from the secondary products derived from them 
such as maleic acid-NH 4 salt, maleamic acid, aspartic acid, asparagine, and 
iminodisuccinic acid. It is also possible to use their ammonium salts. 
Mixtures in which all of the above-cited components are present simultaneously 
can also be used to produce polyaspartic acids. The acids can also be pro- 
duced thermally from the previously cited components in the presence of acid 
catalysts such as phosphoric acid, phosphonic acids, sulfonic acids, or 
sulfuric acid, which promote the formation of peptide bonds. 

The polyaspartic acids or polysuccinimides resulting initially from the 
condensation reaction are usually subjected to solvolysis or hydrolysis, pre- 
ferably to alkaline hydrolysis, possibly in the presence of amines such as 
ethanolamines or alcohols such as ethylene glycol or propanediol . The poly- 
aspartic acids thus obtained are preferably used in the form of their salts to 
prevent and delay scale formation. Examples of the production of the poly- 
aspartic acids to be used according to the invention can be found in the fol- 
lowing literature sources. In J. Org. Che,., Vol. 26. p. 1,084, 1961. poly- 
aspartic acid is produced by the thermal condensation of aspartic acid. In US 
4,839,461, maleic acid and ammonia are reacted at 120-150'C. In US 5,288,783, 
maleic acid and fumaric acid are reacted with ammonia at 170-350'C. In US 
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5 493 00*. p.lyasp.rtlc .elds are formed by the reaction of mal U anhydride 
and a-onia In a tubular reaetor. The resulting product can he subject d t. 
further poXymeriz.clon If desired In a very-viscous-flow reactor, e— to 
ell these production methods 1, that the polysuccini.id.s vhich are formed 
£lt ,t ere then subjected to solvolysis or hydrolysis, preferably alhaline 
hydrolysis. It is also possible, houever. to use amines, amino alcohols, and 

alcohols to form derivatives. 

tne poly.sp.rtic .elds to he used according to the invention can contain 
varying amounts of Che following structural elements, depending on the pro- 
duction method used: 

(a) aspartic acid units: 

o ° 

a-Form R - Form 

(b) succinimide units: 
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(c) malic acid units: 



(d) olefinic units: 







A 



(e) iminodisuccinic acid units: 






in all the structural elements shown above. R = OH, ONa, OLi, OK, 0NH 4 , 
NH 2 , OH.NCH.CH.OH. OH 9 N(CH 8 CH a .OH) , , 0HN(CH 2 GH 2 OH) 3 , or 0CH 2 CH 2 0H. 

The molecular weight of the polyaspartic acids to be used according to 
the invention, i.e., the weight-average molecular weight as determined by GPC 
(g el permeation chromatography), can be 500-50.000, preferably 1.000-20,000, 
and even more preferably 1,500-10.000. 

The structural elements are determined qualitatively and quantitatively 
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by NMR and FT-IR spectroscopy, mass spectrometry, HPLC, GC, and elementary 
analysis. The peptide bonds can be present in the a-form and the 0-form. In 
general, the polyaspartic acids represent an a/fi mixture, in which the amount 
of the /?-form is larger than the amount of the a-form. 

According to the invention, the polyaspartic acids can be used in combi- 
nation with a surfactant, especially an emulsifier. Anionic, cationic. non- 
ionic, and amphoteric surfactants (emulsifiers) are suitable. Examples which 
can be mentioned include the anionic alkylsulfonates and the nonionic polygly- 
col ethers (alkoxylates) . It is preferable to use linear alkylsulfonates and 
the polyglycol ethers of aliphatic alcohols. It is even more preferable to 
use linear C, 2 -C, T -alkylsulfonates and unsaturated and/or saturated aliphatic 
C 10 -C 20 - alcohols which have been etherified with 6-60 ethylene oxide units. 

10 Thl mixtures of polyaspartic acids and possibly surfactants, especially 
emulsifiers. are formulated in such a way that they fulfill the task of scale 
inhibition and scale prevention. If the deposits are formed primarily by 
inorganic and organic salts of alkaline -earth ions and heavy metal ions, then 
primarily polyaspartic acids will be used. To the extent that the deposits 
are formed by nonpolar organic substances, more of the surfactant (emulsifier) 
will be used. The quantitative ratio of polyaspartic acids to surfactants 
and/or emulsifiers can be adjusted as a function of the fouling and scaling in 
the membrane process. The weight ratio of polyaspartic acids to surfactants 
and/or emulsifiers can therefore be in the range of 100:0 to 1:99. preferably 
in the range of 100:0 to 10:90, and most preferably in the range of 100:0 to 
50:50. 

Either alone or in their mixtures with surfactants (emulsifiers). the 
polyaspartic acids can be used in combination with polyacrylates and phospho- 
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Mtes As . result, the biodegradabillty e£ the resulting activ ingredient 
„i«„res is increased in co.parison with the biodegradability of the polyacry- 
Ute. end phosphon.ces without preventing the deposit-preventing effect. 

Polyaspartic acids and their .ixturea with surfactants <e«ulsif lets, are 
u aed in .e.br.ne processes at P H v.lu.s of 3-12.5. preferably of 4.0-11. and 
oven .ore preferably of 6-10. Insofar as the pH value is not deter»ined by 
the feed acre., being used in the ...brane process, any desired acids and 
„. s ea can be used to adjust the pH; acids and bases which do not for. spar- 
ln8 ly soluble salt, with other constituent, of the feed are preferred. The 
selected acids and bases should not. however, exert any de..ging effect on Che 
constituents of the feed acre™, on the .etal aerials, or on the .e.branea 
themselves . 

Polyaspartic acids and their mixtures with surfactants, especially e.ul- 
sifiers, are used in .e.br.ne processes at a te.pereture of 10-,0-C. prefer- 
ably of 15-70-C, and even .ore preferably of 20-50-C. 

The ...branes used in the .e.br.ne processes can consist of inorg.nic 
trials such as cera-ic. 110, , ZrO, . cr A1,0, ; or they can consist of 
organic polyers such as cellulose eaters (cellulose acetate, cellulose aceto- 
butyrate, cellulose acetoprepionat.) . polya.id... polyi.id.s. polyesters. 
p olveth.rsulfone. poly.thertcetone . pelysulfone. or PVDF. The process accord- 
ing to Che invention is preferably applied to nanof iltration and ultrafiltra- 
U. .e.bra„.s -de ef the ..t.rial. cited. It is also pr.fer.bl. for the 
process eccording to the invention to be applied to reverse oa.osis .e.br.nes 
with a selective separation layer of polya.ide. it is especially preferable 
for the selective separation layer for .e.branea in .11 the processes cited to 
consist of a polya»ide. All of the .e.branea used in the process eccording Co 
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the invention are asymmetric or of the thin-film composite type known to the 
expert. 

Polyaspartic acids and their mixtures with surfactants, especially emul- 
sifiers. can be used to prevent and delay the formation of scale on membranes 
in membrane processes which are supplied with aqueous and solvent -containing 
aqueous feed streams. In general, the feed streams must be of such a kind 
that the active ingredients are initially in solution and as a result are able 
to perform their intended function. So that the optimum effect is achieved, 
the compounds/salts responsible for the scaling/fouling should also be in 
solution initially and not exceed their solubility limit until after the mem- 
brane process has begun. Examples of feeds which can be treated according to 
the invention include seawater, landfill percolation water, industrial and 
domestic sewage, and product streams with scaling potential. 

Polyaspartic acids and their mixtures with surfactants (emulsif iers) are 
added to the feed stream to be treated in a membrane system in amounts of 
1-50,000 ppm, preferably in amounts of 5-5.000 ppm. more preferably in amounts 
of 10-500 ppm, and most preferably in an amount of 50-500 ppm. 

EXAMPLES 
Example 1 

A Lab 20 plate module was equipped with 1 each of the following plates <- 
2 flat membranes): an ultrafiltration membrane, a nanof iltration membrane, 
and a reverse osmosis membrane, all from Desalination Systems, USA. First, 
the permeate output for completely desalinated water was determined at 25'C 
under a module feed pressure of 20 bars. Next, polyaspartic acid (= PAA; 
m olecular weight about 6,000) was added in two different concentrations to the 
feed. The effects on permeate output were observed. 
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Results 



Amount of PAA Added 


Permeate 


Flux Densities, 


L/(m 2 • d) 




UF Membrane 


NF Membrane 


RO Membrane 


0 ppm 
50 ppm 
500 ppm 


1,200 
1,200 
1,150 


2,330 
2,330 
2,430 


800 
800 
880 



Example 2 

(a) 200 L of a solution produced from completely demoralized water and 
2.0 g/L of CaS0 4 -2H 2 0 was first concentrated by 50% with a nanof iltration 
membrane (sulfate retained > 95%) in a spiral-wound type of module (2.5" x 
40", 47 mil spacer) (conditions: 25°C, 30 bars module outlet pressure, 1.25 
m*/h flow rate to the module). The permeate output was measured several 
times in a closed-loop system, that is, with the recirculation of retentate 
and permeate to the feed. 

(b) Experiment (a) was repeated after the addition of 50 ppm of PAA 

(molecular weight 6,000). 

(c) Experiment (a) was repeated after the addition of 50 ppm of PAA 
(molecular weight 6,000) and 1% NaCl. After 3 h in the closed-loop system, 
the concentration was increased even further, to the extent that the 

CaSO • 2H 0 concentration of the feed was approximately 14 g/L. 

4 2 

Result 

Without any addition, the crystallization of CaS0 4 .2H 2 0 (solubility in 
H 2 0 at 25-C, 2.9 g/L) interrupted the permeate flux. With PAA, supersatura- 
tion by a factor of 4.5 could be realized without any loss of permeate output. 
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The addition of electrolytes did not interfere either. 



Results of Example 2 



The permeate flux density in L/m> • day as a function of time under the 
conditions of Examples 2a, 2b. and 2c and the obtainable CaS0 4 concentration: 

TABLE. KEY: (a) time, min; (b) permeate flux density, Example 

L/(m 2 -d); and (c) CaS0 4 concentration, g/L. 



Zeit 
min] 



Permeatflulldiclue 
Bei spiel 2a 
tl/(m 2 d)l 
tb) 



PermeatnuBdichte 
Bei spiel 2b 
Word)] 



PcrmealtluRdichte 
Deispiel 2c 



Konzentration 
CaSO a 

(c) 




Figure 1 is a graphic illustration of the table. 
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Example 3 



Sodium bicarbonate fluidized with calcium phosphate was used in the syn- 
thesis of a sulfo group -containing stilbene brightener. The synthesis salt 
still present (NaCl) was removed from the product solution, which contained 
Ca 3 (P0 4 ) 2 , CaC0 3 , NaCl, and the brightener as the main constituents, by using 
nanofiltration tubular membranes (1.2m module, 1/2") and the product solu- 
tion was concentrated to approximately 55% of the original volume (flow rate 
to the module 1 m 3 /h; 55°C; feed pressure 25 bars). The calcium content 
increased from 70 mg/L to 140 mg/L in the final concentrate. The solubility 
limit of Ca 3 (P0 4 ) 2 of 20 mg/L was clearly exceeded. After the addition of 
100 ppm of PAA, the same permeate outputs were obtained as those obtained when 
processing product solution that contained no Ca 3 (P0 4 ) 2 , that is, with a 
solution produced without any fluidized sodium bicarbonate (permeate flux den- 
sities of 2,300 L/(m 2 -day) during diaf iltration; 1,000 L/(m 2 -day) during con- 
centration). After the experiment, the original permeate output could be 
restored by rinsing with water. 

Example 4 

500 mL of a solution containing 3 mmoles of calcium chloride was added to 
500 mL of a solution containing 1 mmole of sodium carbonate, 1 mmole of sodium 
sulfate, and 1 mmole of sodium fluoride. The resulting solution was supersat- 
urated by a factor of 4.5 with CaF 2 and by a factor of 7 with respect to 
CaC0 3 . A voluminous precipitate formed rapidly at pH > 8 ; at pH 5 , a fine- 
crystalline precipitate formed after a certain delay. No precipitates formed 
after the addition of 50 ppm of PAA (molecular weight 6,000). 
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Example 5 



A sulfuric acid mother liquor from dye production was neutralized by the 
addition of milk of lime before membrane system reprocessing. After the 
neutralization sediment had been separated, the solution, which was now satu- 
rated with calcium sulfate, was concentrated by means of nanof iltration mem- 
branes in a spiral-wound type of module (2.5" x 40", 47 mil, 30 bars module 
feed pressure, 25°C, flow rate to the module = 1,250 L/h) . The following 
experiments were compared: 

(a) The permeate flux was measured during concentration to 20% of the 
starting volume and in a subsequent closed- loop system. 

(b) 50 ppm of a mixture of PAA and polyacrylic acid (3:1) was added to 
the feed. 

Result 

The permeate outputs in Experiment 5b were significantly higher during 
concentration and closed- loop operation than they were without the addition. 

Results of Example 5 

Permeate flux density in L/(m 2 • day) as a function of time under the con- 
ditions of Example 5a and 5b and the obtainable CaS0 4 concentrations [see 
table on following page -- Tr. Ed.]. 
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- n . (b ) permeate flux density. Example 
TABLE. KEY: (a) »-JJ ta P tion , g/L. 

L/(m 2 -d); and (c) CaSU 4 — - 

===f-^ ^n..(^.^htp\ KonzentratK 
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CLAIM(S) 



1. Method for implementing membrane processes for the treatment of 
aqueous feeds containing inorganic and organic constituents in which th for- 
mation of scale on the membranes is prevented or delayed by the addition of a 
scale inhibitor, characterized in that polyaspartic acids and mixtures of 
polyaspartic acids with surfactants, especially emulsifiers. are used as scale 
inhibitors, where the polyaspartic acids are used in amounts of 1-50.000 ppm 
based on the amount of aqueous feed. 

2 . Method according to Claim 1, characterized in that polyaspartic acids 
and natures of polyaspartic acids with surfactants, preferably emulsifiers, 
are used in the presence of polyacrylates or phosphonates or a mixture of 



these. 



3. Method according to Claim 1. characterized in that polyaspartic acids 
are used which have a weight -average molecular weight of 500-50,000, prefer- 
ably of 1,000-20.000, and even more preferably of 1,500-10,000, as determined 
by gel permeation chromatography [- size- exclusion chromatography ~ Tr. 



Ed.]. 



U. Method according to Claim 1, characterized in that polyaspartic acids 
are used which are produced fro. maleic anhydride and ammonia in the presence 
of water or from their secondary products such as maleic acid-NH 4 salt, mal- 
eamic acid, aspartic acid, asparagine, and the ammonium salts of maleic acid, 
maleamic acid, aspartic acid, asparagine, and iminodisuccinic acid, or their 
mixtures, by thermal condensation, possibly in the presence of acid catalysts 
to obtain polysuccinimides, followed by solvolysis or hydrolysis to obtain, 
for example, polyaspartic acid salts. 

5. Method according to Claim 4, characterized in that the polyaspartic 
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acids are used in the form of their sodium salts. 

6 . Method according to Claim 1, characterized in that the surfactants, 

preferably emulsifiers, which can be used in the mixture with polyaspartic 
acids are selected from a group consisting of anionic, cationic, nonionic, and 
amphoteric surfactants and emulsifiers. preferably alxylsulf onates and the 
alkylates, and even more preferably linear C, 2 -C, T -alkylsulfonates and 
polyethers based on unsaturated and/or saturated C, 0 -C, 0 -alkanols and [sic; 
"etherified with" - Tr. Ed.) 6-60 ethylene oxide units. 

7 . Method according to Claim 1, characterized in that the membrane pro- 
cesses are conducted at a P H of 3-12.5, preferably of 4.5-11, and even more 

preferably of 6-10. 

8 . Method according to Claim 1, characterized in that the polyaspartic 
acids and the totality of the surfactants and/or emulsifiers are used in a 

weight ratio of 100:0 to 1:99. 

9 . Method according to Claim 1, characterized in that the membranes are 
used as nanofiltration or ultrafiltration membranes. 

10 . Method according to Claim 1. characterized in that reverse osmosis 
membranes with a selective separation layer of polyamide are used. 



20 



i 


! 


si 




s\ 


J 


£\ 










Ol 


S"u 1 
^ -= 1 


tni 

"Oil 


O 








"5> 





^V\\\\\\\S 




o 
m 



- * \Z r*. O o 



O 

o 
o 



o 
o 
in 



o 
o 



o 
o 

r— w 



o 
o 
o 




0) 

m 

U 

8 



Si 

e o 

- (0 
*J * 

C « 

5 o 
v o 

a. 1 

* *S 

to 
o 

c 

° ►J 

u \ 

I : 



cd 

... o 

, 

• O 
CM •«-{ 

6 ti 

\ 1-1 
- a) 

.r4 O 
(0 O 

a) a) 

4-1 W 

o) e 

cd 

a) o 
B r-j 
i-t cd 
Q) o 
ex 

is • 
o • 

>4 *H • 

M a) 

H S 9 

0) g X 

° 

txO 

m-1 C <D 



21 




KP 2 aj)/l] dmoipunupeuijad3 



a} 
U 



c 

d) 
S 

0) 

s- 

0) 

<4-l 
O 

c 
o 

•H 

cd • 
n • 

•3 • 

<u 

^ l-l 

• w 

CM 

e -a 

>^ <u 
w 

c w 
o> 

•o a 
o 

x o 
.-i « 
a) 

a> w 

4J o 
Cd r-l 
0) o 

6 



cd e 
>^ o 



• cd 

CVI u 

u a> 
2 o 
b0 C 

•H O 
O 



22 



